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COMPLETE SPECIFICATION 
Improvements in Recovery of Polycarboxylic Acid Anhydrides 



We, ChempatentSj Inc., a corporation 
organized under the laws of the State of Dela- 
ware.* of 2 Park Avenue, in the City, County 
and State of New York, United States of 
5 America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 
10 This invention relates to the recovery of 
polycarboxylic acid anhydrides from dilute 
gaseous mixtures containing them by a cyclic 
system of scrubbing the anhydride from the gas 
by means of liquid dibutyl phthalate, stripping 
15 the anhydride from the solvent* and then re- 
cycling the solvent to the scrubbing step, and 
more particularly, it relates to such a process 
wherein the stripping conditions are main- 
tained within critical limits to permit both high 
20 capacity and high efficiency operation for a 
given plant. The invention relates especially 
to the recovery of phthalic anhydride or maleic 
anhydride from dilute gaseous mixtures con- 
mining them. 
25 Polycarboxylic anhydrides such as maleic 
anhydride and phthalic anhydride have 
achieved considerable commercial importance. 
They may be prepared in known manner by 
the selective partial oxidation of suitable start- 
30 ing materials such as benzene and naphthalene 
with an oxygen containing gas, using a vana- 
dium oxide catalyst whereby there is produced 
a gaseous reaction mixture containing jup to 
about 2% by volume of the anhydride together 
35 with by-products, inerts, and the like. 

Dibutyl phthalate has been proposed as a 
solvent for scrubbing the anhydride from such 
reaction gases, followed by a series of stripping 
operations wherein the final stage was main- 
40 tained at 5 ; — 10 mm. mercury pressure. When 
such a system is attempted on a large scale 
with a high throughput, it is found that there 



The art is confronted with the problem of 
providing a high throughput, high efficiency 50 
polycarboxylic acid anhydride recovery system 
having the advantages associated with the use 
of dibutyl phthalate as the scrubbing agent. 

It has been found in accordance with the 
invention that by carrying out the stripping in 55 
two steps, each under critically controlled con- 
ditions as hereinafter defined^ i.e.* by scrubbing 
of the polycarboxyHc acid anhydrides from 
dilute gaseous mixtures containing them with 
liquid dibutyl phthalate as the scrubbing 60 
agent, stripping the absorbed anhydride there- " 
from under the indicated critical conditions to 
thoroughly remove the absorbed polycarboxyiic 
acid anhydride, and then recycling the lean sol- 
vent to the scrubbing step; the process may be 65 
earned out on a large scale with high through- ; 
put and high efficiency of operation, giving 
substantially complete removal of the polycar- 
boxylic acid anhydride from the gaseous mix- 
ture and giving a high purity polycarboxylic 70 
acid anhydride product. - * 

The invention, therefore, provides a process 
tor the recovery of only maleic anhydride or 
only phthalic anhydride from a dilute gaseous 
mixture containing maleic anhydride or 75 
phthalic anhydride respectively, or containing 
a mixture of both of said anhydrides, which 
comprises scrubbing only the maleic or only 
the phthahc anhydride vapor from the gaseous 
mixture with dibutyl phthalate as scrubbing 80 
liquor, stripping the absorbed anhydride from 
the resulting solution comprising only one of 
said anhydrides at a temperature in the range 
of 75 to 250° C. and an absolute pressure in 
the range of 10 to 150 mm. Hg. and then 85 
subjecting the partially stripped solution to - 
further stripping under more severe conditions 
f * temperature in the range of about 75 to 
250 C. and an absolute pressure in the range 
of about 12 to 60 mm. Hg. recycling the 90 
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is ^sufficient removal of polycarboxylic acid anhydride product from the second sta&oine 
anhvdride in the staBDins operations, so that onerarinn ta th* fir** c^;™: *.* y % 



' * anhydride in the stripping operations, so that 
45 when the solvent is recycled to the scrubbing 
step, the solvent does not efficiently scrub out 
the polycarboxylic acid anhydride from the 
gaseous mixture. 

[Price 3s; 0d.] 
Price 3s. 64r 



operation to the first stripping operation and 
recycling the stripped solvent from the second 
stripping operation to the anhydride absorp- 
tion step. 95 
The objects achieved in accordance with the 
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invention as described herein include the pro- 
vision of a commercially advantageous process 
for recovering phthalic anhydride or maleic 
anhydride from dilute gaseous mixt ures con- 
5 taining either one or both of the anhydrides 
by scrubbing the gaseous mixture with liquid 
dibutyl phthalate, thoroughly stripping the 
absorbed polycarboxylic acid anhydride from 
the dibutyl phthalate solvent under critically 

10 controlled conditions and recycling the dibutyl 
phthalate to the scrubbing step; the provision 
of such a process for the recovery of phthalic 
anhydride from a dilute gaseous mixture con- 
taining it; the provision of such a process for 

15 the recovery of maleic anhydride from a dilute 
gaseous mixture containing it; and other 
objects which will be apparent as details or 
embodiments of the invention are set forth 
hereinafter. 

20 In connection with this description, refer- 
ence is made to the accompanying drawing 
which sets forth a schematic flow diagram for 
the process. 

■ - In order to facilitate a clear understanding 
25 of the invention, the following preferred 
specific embodiments are described in detail. 

Example 1. 
phthalic anhydride 
'.. A dilute gaseous reaction mixture contain- 

30 ing phthalic anhydride, such as may be 
obtained by the catalytic oxidation of naph- 
thalene or ortfzaxylene, having the following 
composition by volume: — 
Phthalic anhydride - - - 1.1% 

35 / Oxygen - - - - - - 13.5 

Carbon dioxide - - - 3.0 

Water - - - - - - 5.3 

.Nitrogen - - - - - 75.9 

Carbon monoxide 1.2 

40 is passed through line 1 into absorber 2 where- 
in it is contacted with the dibutyl phthalate 
solvent introduced through line 3 or recycled 
through line 4. This absorber is a cylindrical 
tower of 7 J feet in diameter and 63 feet in 

45 height and contains 30 trays. If desired, the 
exit gases {may be passed through, a water 
scrubber to remove residual anhydride; e.g., 
a similar column with three trays (not shown 
in drawing). The gas flows upwardly through 

50 the absorber and the liquid flows dopwardly 
therein, so that the scrubbing is carried out 
in a countercurrent manner. The temperature 
therein is maintained at 75 ° C. at the top and 
1151 C. at the bottom. The final scrubbed gas 

55 is substantially free of phthalic anhydride and 
is passed through line 5 to a discard system 
such as a stack. 

The rich' solvent liquor is passed from the 
absorber via line 6 through heat exchanger 

60 7 wherein it is cooled somewhat and then 
passed via line 8 to column 9 wherein phthalic 
anhydride vapors are stripped therefrom and 
passed out via line 10. The vapors are passed 
therefrom via line 11 to; condenser 12, wherein 



they are liquefied, and then passed via line 13 € 
to the product cooler, storage, or the like. Line 
10 is connected directly to the vacuum system. 
A part of the condensate from condenser 12 is 
recycled via line 14 to the upper part of 
column 9. 7 

The bottoms from column 9 are passed via 
line 15 to the upper part of column 16, where- 
in phthalic anhydride is stripped therefrom 
and removed via line 17, which line is con- 
nected direcdy to the vacuum system. Vapors J 
are passed from line 17 via line 18 to condenser 
19 wherein they are liquefied. Liquid is passed 
therefrom via line 20 to the lower part of 
column 9. A part of the liquid is recycled via 
line 21 to the upper part of column 16. 8 

The bottoms from column 16 is the lean 
liquor or solvent which is substantially free 
from phthalic anhydride, and is passed via line 
22 through heat exchanger 7 wherein it is 
cooled somewhat, and then via line 23 to cooler 8 
24 wherein it is cooled, and then passed via 
line 4 to the upper part of absorber 2. 

Column 9 is a cylindrical column 5 feet in 
diameter and 24 feet in height containing 10 
trays. It is operated at a pressure of 33 mm. 9i 
mercury at the top and a pressure of 55 mm. 
at the bottom; the corresponding temperatures 
being 172° C. at the top and 222°- C. at the 
bottom. The stripping ratio therein is 0.46; 
i.e., the mols of rising vapor relative to the 9! 
mols of downwardly flowing liquid. 

Column 16 is a cylindrical column of 5 feet 
in diameter and 16 feet in height containing 
5 trays. It is operated at a pressure of 23 mm. 
mercury at the top and a pressure of 40 mm. 1< 
at the bottom; the corresponding temperatures 
being 193° C. at the top and 235° C. at the 
bottom. The stripping ratio therein is 0.46. 

Example 2. 
maleic anhydride j< 
The dilute gaseous reaction mixture contain- 
ing maleic anhydride, such as may be obtained 
by the catalytic oxidation of benzene, having 
the following composition by volume : — • 

Maleic anhydride - 0.7% 1! 

Oxygen - - 13.9 
Carbon dioxide 2.4 
Water - - -_. f - - - 5.3 
Nitrogen - 75.3 

Carbon monoxide - - . - 2.4 lj 
is processed as in Example 1, except that the 
temperature in the absorber 2 is maintained 
at 50 — 70° C, and the conditions in columns 
9 and 16. are as follows: — 
Column 9 16 1j 

Pressure 

Top - - 23 mm. 13 mm. 

Bottom - - 45 mm. 25 mm. 
Temperature 

Top - - - 97° C. 85° C. V 

Bottom - - 115° C. 220° C. 
Stripping ratio , - 0.46 0.46 

In each of the foregoing examples, the 
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material throughputs are such that 1 i tn i s 9- ~ a - . - " ~ 

parts by weight tf produa are r Severed ™ IZ 3 ttayS T h \ ^PW^d. However, the 

100 parts of imMAgS^SS^S^ S"™ n ™? ber , <rf frays for complete s^par- 

of product in the feed gas i Tre^ced l ul w £ OT anhydride from dibutyl phthal- 
5 0.04%. g3S 18 redUCed to below (that is, with infinity stripping ratio) is 4 20 

For phthalic anhydride recovery, tie use of Ss' kcE^ 8 ^ feWer 1:11311 5 

lower pressures such as in the range of 5 to SX^t T^ J"* 1 - a sparable 

10 mm. in column 16 is undesnaHf ^w *° to ™gnput, the product loss in the exhaust 

corresponding t em p£at_rTs are so C £ Erf? """75 due P resence rf P™^ 

10 the freezing Joint & jffi^L&Sfc ^ m ^S ed sc ™ bb i°g medium. 25 

be encountered; and operation at suda freS e™3 P 6 ^ eSU ? s . t0 foregoing 

point is impracticable g exam P les are achieved with variations thereof 

• For maleic anhydride recovery, the use of cL™^^ 6 -* ^ ay colun *ns « packed 

pressures in the range of 5 to 10 ™f £ ^otas of <^ mv alent separation efficiency) 

15 column 16 is undesfable, sinbe to conditions providing the operating con- 30 

Column " 

Number of trays - - - . _ inin 16 

35 Pressure 10 — 20 5—10 

Bottom I I I I I " " }^5mm. 13— 25 mm. 

Temperature " " ~ 40— 60 mm. 20— 60 mm. 

Top - - ^ 

40 Bottom - - . : 35-195° c. 

Stripping ratio - - . . ' ^ G 210 ~ 250° C. 

T - _ " 1U — 0- 2 1.0 — 0.2 

plates. If a packed column is used as «E Si Ppmg °P eratl0n is carried out in 85 

9, the height thereof should te^Sd£? SfeSp 3 ! 5 temperature in the 

4 to 7.5 theoretical plates: and if a Backed falhJz,C **l C. and an absolute pressure 
column is used as column 16, the height therf ■£? f™ 86 ° f about 12 t0 60 »«• Hg. 

50 of should be equivalent to 2 to 4 fi£2Sl fcnl gaseous mixture containing 

plates; such a column may be packed wS ******* and Pnthalic anhyS 90 

Raschig rings, saddles, or tl _L P Th? cj£ The STfa^^ series may J used! 90 

fetton of actual trays with theoretical phSfe _SS ^SaSSf 86 * 1^ 1 _ f 1 absorber 

made in accordance with known principles fsee rJ^fZ^l S °I b m ^ ac anhydride (lower 

55 for instance Trans. Am. IhT cK _£ SS^-T* md 46 abi ** b <=d 

August, 1946, pp. 741—755) The d^erS S» anhydride is then recovered. The gas is 05 

tion of the heght equivalent to fhS£r SSrHSS ? 3 absorber «JJ 

plate for packel columns is made faSg Sttfffi^ temperature 

ance with known principles (see for instance ride is ^5 *%°& d P ha thaHc anhyd- 

60 25^ ^F 1 Eng^eer's HandboX^ Sgle svSem nsin| a 

Edmon, McGraw-Hill, New York, 1950, pp. A^^SS^S^^^ ™ 

For phthalic anhydride recovery, the tern- rid? 5 lec ? ver P btha Uc anhyd- 

perature in absorbed 2 should be^Mfln Ihe Se S mdlCated co ^ons in each 

65 range of 70 to 120° C , e g 70 to XS°r w -t. 

Ae top and 110 to 120°' d at the bSnfand tnaTaboutlof »««■»■ substantially 105 

the relative flow rate of upwardly flowing gas Prod_c7?t fiSL«* 7 V ° lume of dsske * 

relative to downwardly flowing hquid should a t^t£ Myantageous to cool the gas to 

be within the range of 20 to 40 mofs of gas _S2 below-fhe condensation point of 

70 per mol of liquid. ^ or gas ^anhydride; to liquefy a portion thereof, and 

For maleic anhydride recovery, the tern- conden^T/i Z °? C * W u rds ' t0 fractionally no 

perature in absorber 2 should be 7 within X so C leave a H f ** ^ UCt 

range of 40 to 80° C, and the relative flow tha£ ^ak>ut W h^JT ^P^S not more 

rate of upwardly flowing gas relative to down- dta /o b7 Voluffle of * e des «ed pro- 

75 wardly flowmg liquid should be within the v^;,*;„ j 

-J^- AO to 60 mols of gas per t, *J £S=S«rrv£ ™ 
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1. A process for the recovery of only maleic 
anhydride or only phthalic anhydride from a 
dilute gaseous mixture containing maleic 
anhydride or phthalic anhydride respectively 3 
5 or cont ainin g a mixture of both of the said 
anhydrides, which process comprises scrubbing 
only the maleic or only the phthalic anhydride 
~ = ~ vapor from the gaseous mixture withdibutyl 
phthalate as scrubbing liquor, stripping the 
10 absorbed anhydride from the resulting solution 
comprising only one of the said anhydrides at 
a temperature in the range of 75 to 250 > C. 
and an absolute pressure in the range of 10 to 
150 mm. Hg. and then subjecting the parti- 
ally stripped solution to further stripping 
under more severe conditions at a temperature 
in the range of about 75 to 250° C, and an 
absolute pressure in the range of about 12 to 
60 mm. Hg., recycling the anhydride product 
20 from the second stripping operation to the first 
stripping operation, and recycling the stripped 
solvent from the second stripping operation to 
the anhydride absorption step. 



15 



2. A process according to Claim 1 wherein 
the lean solvent returned to the anhydride 25 
absorption step is passed in indirect heat 
exchange relation to the anhydride enriched 
solvent passing from the absorption step to 
the first stopping operation. , . 

3. Process according to Claim 2, wherein 30 
the gaseous mixture is cooled to a temperature 
below the condensation point of the anhydride 

to liquefy and separate a portion of said anhyd- 
ride prior to the absorption step. 

4 Phthalic anhydride (whenever obtained 35 
by a process as set forth in any of the preced- 
ing claims. . , , ^ 

5. Maleic anhydride when ever obtained by 
a process as set forth in any of Claims 1—3. 

- - - For the Applicant, 

FRANK B. DEHN & CO.., 
Chartered Patent Agents, 
Kingsway House, 103, Kingsway, 
London, W.C.2. 
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the Original on a reduced scale. 
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